Climate simulation is often used for evaluation of the sustainability of a species in global scale but not applicable for our study because the global data is too coarse to be used in small and fragmented habitat areas. We examined a weather forecasting model for the habitat analysis of the endangered species of the Korean long-tailed goral (Naemorhedus caudatus raddeanus). The weather research forecasting (WRF) model is implemented to downscale global climate data for a small fragmented habitat of the goral. The coordinates of goral fecal samples were collected during winter 2005 and summer 2006 using GPS and the goral habitat was set with the elevations of fecal samples mostly found. The atmospheric parameters of the habitat were then simulated by WRF and defined as the atmospheric signature of the goral suitable habitat. A series of temperature changes was then projected for the period from 2010s to 2090s to evaluate the change of the habitat for summer (June) and winter (December) seasons. As a result, the suitable habitat of the Korean long-tailed goral would be significantly declined and almost disappeared in the 2070s for summer or 2050s for winter under the climate scenarios of RCP 8.5 by IPCC.
Introduction
One of the most serious environmental outcomes of climate change involves threats to the habitats of living organisms and entire ecosystems. This influence on living organisms tends to increase extinction rates for some vulnerable species and cause serious regional or global modification of biodiversity [1] [2] [3] [4] . In general, the responses of living organisms to climate change are often difficult to investigate because environmental changes and the associated responses in nature are slow and occur over long periods. However, in recent years the rates of such changes have been too rapid for living organisms to adapt to, and therefore the most immediate responses might be a shift in geographical range or, for an endangered species, possible extinction.
Many studies have examined the possible impacts of climate change on the habitats and populations of species. Each species is able to survive only under a specific set of climatic conditions termed a climate envelope [3] . As climate change proceeds via temperature increase, species move to higher elevations and/or latitudes for survival, so habitats are frequently contracted as the areas of climatically suitable habitat decline [5] [6] [7] [8] [9] [10] [11] [12] [13] because climate and topographic features are major influences on species distributions and connectivity of populations [14] [15] [16] . For example, based on projections of 4 • C temperature increase, species might migrate more than 500 km toward the poles (or 500 m higher evaluating habitat change with limited information on the Korean long-tailed goral by comparing current climatic conditions with future climate parameter of temperature, and (3) evaluating direct impacts of selected climate scenarios on the future goral habitat and indirect impacts on the goral population.
Study Area
The study area is the Seoraksan National Park (Figure 1) in Inje, Gangwon Province, South Korea, which covers an area of 398.5 km 2 and has a summit elevation of 1,708 m. The national park is a part of a mountainous range called Taebaek, which encompasses the east side of the Korean peninsula from north to south, and includes long, well developed V-shape valleys with temporary or permanent streams. Mount Seorak is the third-highest peak in Korea and is typically covered with snow before the middle of October due to the high elevation. This area is representative of the virgin forests with sub-Alpine flora that occur in the temperate region around the middle of the peninsula. The area was designated as a natural reserve in 1965 and then as a national park in 1970. The park was also designated as a Biosphere Reserve by UNESCO in 1982 due to its unique biome with many rare taxa of flora and fauna and beautiful scenery. 
Materials and Methods
The datasets used in the study were goral fecal sample locations from GPS, global climate data, and weather data collected in a local weather station (for an overview, see Figure 2 ). The fecal sample locations were used to define the past and current goral habitat region in the national park. With the Weather Research and Forecasting (WRF) model, the regional weather parameters were estimated as the past and current suitable habitat climate conditions. After the sensitivity test of the model, the current climate condition was projected. The past climate condition was then compared to measured weather data from the Inje weather station for the sensitivity test of the model. The current climate condition was used as a reference of the current goral habitat climate condition. Using the climate projection algorithm called Modified Korean Parameter-elevation Regressions on Independent Slope Model (MK-PRISM), the climate condition of the goral habitat was projected and compared to the current habitat area. Detailed descriptions were described in the following sections. 
Fecal samples of the goral
We designed four routes to collect goral fecal deposits, and more than 160 samples were collected within 1 m either side of the routes using the transect line census method. Of those deposits, 112 were collected along two routes during the beginning of the winter in 2005 (December 16 and 17) and the rest (52 deposits) were along the other two routes during the beginning of the summer in 2006 (July 4 and 6). The collected samples were maintained in fresh, soft, and wet conditions, which suggest that the feces might have been deposited within 1 or 2 weeks. At the same time, all of the deposit coordinates were recorded with a global positioning system (GPS) and tabulated to locate the current habitat area with ArcGIS.
Brief description of the WRF model
A weather forecasting model called weather research and forecasting (WRF) is featured as a next-generation meso-scale numerical weather prediction system with functionalities of data assimilation, parallel computation, and system extensibility [34] . The system was developed jointly by the National Center for Atmospheric Research (NCAR), the National Oceanic and Atmospheric Administration, the Air force Weather Agency (AFWA), the Naval Research Laboratory, the University of Oklahoma, and the Federal Aviation Administration (FAA). One of the key features of WRF is nesting domains, which means domains can be easily communicated to a finer grid domain from the coarser parent domain and vice versa. Therefore, WRF is appropriate for forecasting climatic parameters (i.e., temperature, precipitation, etc.) in the meso-scale (regional) or micro-scale climate applications [35] , such as our study case for the goral habitat analysis in small fragmented areas in Seoraksan National Park.
For the weather simulation, WRF is used to retrieve future climate temperature in a fragmented small habitat area of the goral and applied for examining the change of the current habitat range. The model was combined with the climate scenario of the representative concentration pathway (RCP) 8.5 in the IPCC Fifth Assessment Report (AR5) of 2014 [36] .
Computer simulation for weather parameters
The regional weather forecasting model (WRF ver. 3.9) retrieved climatic variables of temperature, relative humidity, wind speed and direction, etc. The global climate data collected in every 6 hours with 1° spatial resolution from the National Center for Environmental Projection (NCEP) Final (FNL) Operational Global Analysis (OGA) data were utilized for the initial boundary condition. The WRF simulation was executed for 31 days including two specific moments of 00 UTC on December 1, 2005 for winter and 00 UTC on June 1, 2006 for summer at a time interval (Δt) of 180 seconds. Since the NCEP input data resolution of 1° was very coarse for the meso-or micro-scale 
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Computer Simulation for Weather Parameters
The regional weather forecasting model (WRF ver. 3.9) retrieved climatic variables of temperature, relative humidity, wind speed and direction, etc. The global climate data collected in every 6 h with 1 • spatial resolution from the National Center for Environmental Projection (NCEP) Final (FNL) Operational Global Analysis (OGA) data were utilized for the initial boundary condition. The WRF simulation was executed for 31 days including two specific moments of 00 UTC on December 1, 2005 for winter and 00 UTC on June 1, 2006 for summer at a time interval (∆t) of 180 s. Since the NCEP input data resolution of 1 • was very coarse for the meso-or micro-scale simulation for this study, domains were downscaled into two-way quadruple nested domains of 27, 9, 3, and 1 km with the grid sizes of 70 × 70, 70 × 70, 70 × 70, and 130 × 130 in WRF, respectively, with 27 vertical levels ( Figure 3 ) using the advance research WRF (ARW) algorithm [37, 38] . The simulation outputs were then produced every 6 h with the cumulus parameterization scheme by [39] ; the WRF Single Moment 6-Class Microphysics Scheme (WSM6) for the cloud physical process in the simulation [40, 41] and the Mellor-Yamada-Janjic PBL scheme [42, 43] were adopted to parameterize turbulences in the planetary boundary layer (PBL). After the simulation, the sample site temperature was extracted based on coordinates and were compared to measurements from the Inje weather station, approximately 20 km away from the study sites to the north-west direction of the national park, to test the sensitivity and the applicability of the model. 
Climate Modeling for Future Habitat Climate Analysis
RCP8.5 in AR5 by IPCC were used to assess the future climate of the goral habitat [36] . The climate scenario is originally provided by Regional Climate Model (RCM) Hadley center Global Environmental Model version 3-Regional Atmosphere (HadGEM3-RA) with a 12.5 km resolution dataset but downscaled to hourly temperature data at 1 km spatial resolution for Korea by the MK-PRISM algorithm [44, 45] . The HadGEM3-RA is derived by the boundary conditions of the historical run of the Atmosphere-Ocean coupled HadGEM2 contributed by the National Institute of Meteorological Sciences (NIMS) of Korea to the coordinated regional climate downscaling experiment (CORDEX) [46] . This is based on the representative concentration pathways (RCPs) 8.5 of the IPCC Fifth Assessment Report (AR5). The MK-PRISM performs well in estimating daily maximum temperature, daily mean temperature, daily minimum temperature, and daily precipitation, indicating that the PRISM may be useful as a bridging method for correcting the systematic bias of the dynamic model [45, 47] . The simulation output for the reference period of 2000s (2001-2010) and the future period of the 2030s (2021-2030), 2050s (2041-2050), 2070s (2061-2070), and 2090s (2091-2100) were then evaluated to illustrate the climate impact on the goral habitat.
Results

Specific Distribution Pattern of Gorals
The fecal deposits were categorized by three elevation ranges: ≤ 500 m, 501-900 m, and ≥ 901 m. Deposits were mostly found between 501 and 900 m, accounting for 99 (88.4%) and 49 (94.2%) fecal samples in winter 2005 and summer 2006, respectively (Table 1) . This range was defined as the elevation at which the goral spends most of its time for feeding and resting in this study. Only a few samples were found at elevations below 500 m or above 900 m (Table 1) , which is similar to the findings of [26, 31] . 
Sensitivity of the Model and Current Climate Conditions
Using all required parameters for the simulation, climatic variables were extracted from the WRF simulation for the study area. The simulated hourly-based temperature values for the dates differ from the records the Inje weather station observations ( Figure 4 ) but in mean values of daily temperature had a Pearson coefficient = 0.850989, p < 0.01, and sensitivity bias (multiplier) = 0.99956 indicating that the simulation result was almost identical to the measured data. With the sensitivity test results, the current climatic condition at the goral habitat was defined like mean temperatures in 2006 (June) and 2005 (December) at 500-900 m elevation were 18.7 and −8.3 • C, respectively ( Figure 5 ). Additional conditions, for example, were shown that wind speeds were 1-5 and 4-8 m/s in summer and winter, respectively ( Figure 5 ) and the directions were from the South (SW-ENE) and west (W-SSW), respectively. Sustainability 2017, 9, x; doi: FOR PEER REVIEW www.mdpi.com/journal/sustainability temperature had a Pearson coefficient = 0.850989, p < 0.01, and sensitivity bias (multiplier) = 0.99956 indicating that the simulation result was almost identical to the measured data. With the sensitivity test results, the current climatic condition at the goral habitat was defined like mean temperatures in 2006 (June) and 2005 (December) at 500-900 m elevation were 18.7 and −8.3 °C, respectively ( Figure  5 ). Additional conditions, for example, were shown that wind speeds were 1-5 and 4-8 m/s in summer and winter, respectively ( Figure 5 ) and the directions were from the South (SW-ENE) and west (W-SSW), respectively. 
Future climate
We used the climate change scenario with high spatial resolution from the MK-PRISM algorithm for the future goral habitat. Based on [45] , the temperature bias of the algorithm was close to zero and Root Mean Squared Error (RMSE) of daily mean temperature was relatively small (0.86 °C) indicating our simulation was reliable for analyzing future climate change assessment. Annual projected temperature based on RCP 4.5 and 8.5 scenarios increased to approximately 2.0 °C and 4.9 °C until the 2090s (Figure 6 ). On the basis of the result of RCP 8.5, a series of temperature changes was projected during the period from 2010s and 2090s for the suitable habitat of the goral. The suitable habitat (the blue colored area in Figure 7) for the Korean long-tailed goral at 18.7 °C in summer and −8.3 °C in winter significantly declined and almost disappeared in the 2070s for summer and 2050s for winter. Such losses of suitable habitat may result in lower viability or greater possibility of extinction for the goral population in Seoraksan National Park. Note that the fecal locations were all included in the blue area in 2010s both in summer and winter. 
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Discussion
A single goral occupies a small range and usually does not travel far from its home territory. A research reported [39] showed that after a year of GPS tracking, the goral home ranges showed seasonal variations but the typical ranges were approximately 1.40 and 1.45 km 2 at 95% level of accuracy with fixed kernel home range (FKHR) and minimum convex polygon (MCP) methods, respectively in Woraksan National Park, and 0.57 and 0.42 km 2 at 95% level of accuracy with MCP and KHR, respectively in Seoraksan National Park. Based on the statistics of our fecal samples and other studies, the Korean long-tailed goral in Seoraksan National Park tend to prefer the middle elevation (501-900 m) habitats ( Table 1 ). The goral is a typical mountain ungulate species in South Korea. Historically, this species remained in mountainous areas for food and/or cover. Although the goral occasionally searches for food in lowland areas during periods of heavy winter snow, it normally feeds in its home territory [48] . Most of the higher regions of Seoraksan National Park consist of rocky areas in which food plants used by the goral decline with increasing elevation. For this reason, it would be difficult for the goral population to colonize very high or low elevations within the park.
The climatic conditions of the two seasons showed a different pattern. In summer 2006, mean temperature, relative humidity, and wind direction (speed) were 17.9 °C, 70%-95%, and southerly (1-5 m/s), respectively. In winter 2005, mean temperature, relative humidity, and wind direction (speed) were −8.9 °C, 60%-70 %, and westerly (4-8 m/s), respectively. Since the goral currently lives 
The climatic conditions of the two seasons showed a different pattern. In summer 2006, mean temperature, relative humidity, and wind direction (speed) were 17.9 • C, 70%-95%, and southerly (1-5 m/s), respectively. In winter 2005, mean temperature, relative humidity, and wind direction (speed) were −8.9 • C, 60%-70 %, and westerly (4-8 m/s), respectively. Since the goral currently lives in those climatic conditions, we could reasonably make an assumption that the current climatic conditions belong to the suitable habitat for the Korean long-tailed goral. Based on the present and projected climate conditions, therefore, the results from WRF can provide habitat ranges of the goral by delineating the areas of the current temperature. The application of WRF to habitat analysis can be helpful typically for very small and fragmented areas such as the endangered Korean long-tailed goral to understand the impact of climate change. The method evaluated the possible destiny of the goral habitat especially for an endangered species, which is difficult to be analyzed because of small habitat areas and populations.
For the assessment of the climate impact, we used only one variable, temperature. A comprehensive analysis would preferably include all possible variables including natural and human influences. However, the climatic factors affecting the goral population and habitat remain uncertain except for temperature, so we used that as a single variable to evaluate the change. More comprehensive research including vegetation, climate, and human need complex models.
Conclusions
The Korean long-tailed goral, one of the most endangered species registered in the IUCN Red List of Threatened Species and Convention on International Trade in Endangered Species (CITES) Appendix I, has been significantly diminished in numbers mainly due to human activities and now the habitat is fragmented and the population is reduced so that the sustainability of the goral is one of the critical issues in the environmental protection of Korea. Habitat analyses with climate scenarios are especially helpful providing useful information for scientists and policy makers. However, they are typically based on global climate scenario that is very difficult to implement in fragmented small areas for endangered species. Therefore, we applied a local climate simulation with WRF to examine the impact of climate change to the habitat for the Korean long-tailed goral.
WRF can downscale global climate datasets in coarse grid and fit the data to much smaller areas. The NCEP dataset with 1 • resolution was used to retrieve weather parameters with 1 km resolution for the study area. The parameters from WRF showed that the numerical model reproduced the current average climate conditions of the habitat of the goral in Seoraksan National Park with the sensitivity of Pearson coefficient = 0.850989, p < 0.01, and sensitivity bias (multiplier) = 0.99956. Both the summer and winter climate patterns indicated that they could be applied to the analysis of goral habitat. By defining the current habitat from the result that was 18.7 • C in summer and −8.3 • C in winter, the future climate simulation with the RCP 8.5 scenario produced a serious influence on the goral habitat by climate change in Korea. The projected temperature could cause a high risk of distinction of the Korean long-tailed goral habitat and we concluded that the current goral habitat would be significantly reduced within several decades and would disappear within the 2090s. In other words, the results suggest that the goral population could be severely affected by climate change, more specifically, by global warming.
In terms of the applicability of our approach, the simulation with WRF could provide species-specific information on habitat changes or range shifts at a local scale, which is very important for an endangered species with small fragmented habitat areas [48] , and can be applied to the species even in the absence of demographic data. The development of more advanced methods (e.g., dynamical downscaling methods with much higher resolution and various climate scenarios) would allow climate conditions to be simulated with greater accuracy, thereby providing more reliable evaluation of climatic impacts on a species and habitat even at a small scale. 
